Fig. S1. C1s regions of XPS data for different polymeric monomer structures. Fig. S13 . AFM images of samples annealed for 0, 1, and 5 min before and after droplet freezing experiments. Fig. S14 . T H of water droplets on PVA samples with different cooling rate. Fig. S15 . T H of water droplets on PVA samples with different thicknesses and molecular weights. Fig. S16 . T H of water droplets on PVA samples with different degrees of hydrolysis. Fig. S17 . T H of water droplets on PVA before and after peeling off the top surface. Fig. S18 . The equilibrium water content of PVA with different thermal histories. Fig. S19 . FTIR investigation of water molecules inside the PVA films. Fig. S20 . DSC melting curve of pure water. Fig. S21 . Fitting results with a biexponential function. Fig. S22 . The plot of lnE t versus t based on the single exponential function. Table S1 . Data from DSC. 
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We divided the interface area between PVA and water droplet into four quadrants. The nucleation sites were found to distribute almost equally in the four quadrants of the droplets. /χ, where χ is the thermal diffusivity (for water droplet, the value is 0.1 mm 2 /s), d is the diameter of water droplet (in our case, the average diameter of the droplet is about 0.5 mm), respectively. To estimate the effect of the thermal gradients, the thermal relaxation time (τ) of water droplet is 2.5 s. [54] [55] Therefore, it will take approximately 2.5 s for a supercooled water droplet with a diameter of 0.5 mm to approach a new equilibrium state after a sudden change of temperature. Therefore, to keep a temperature error (ΔT) in 0.1 o C, we must control the cooling rate no more than 2.4 o C/min, according to the equation v = ΔT/τ, where v is the cooling rate and τ is the thermal relaxation time of water droplet (τ = 2.5 s). In our experiment, it is observed that the ice nucleation dynamics is rate dependent if the cooling rate is higher than 2.0 o C/min. In contrast, the T H changed slightly when the cooling rate decreases from 2.0 to 0.1 o C/min. 
